Institute of Theoretical Physics

1. Calculate the gradients for the followings scalar fields (potentials):
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Ψ(x, y, z) = x2 + y 2
√
Φ(~r) = 1/r
(r = |~r| = x2 + y 2 + z 2 )
Λ(~r) = ~c · ~r
Sketch the equipotential surfaces.
2. Determine the results of the superposition of two one-dimensional plane waves
A sin(kx−ωt) and A sin(kx+ωt) having the same angular frequency ω, wavenumber
k and amplitude A. What is changing when the frequency and the wavenumber of
the two waves are slightly different? (standing waves, beats)
3. Two one dimensional waves having the same frequency ω and amplitude A = 9.5 cm
which are propagating in the same direction are interfering having a phase difference
Φ = 110◦ . Calculate the frequency and the amplitude of the resulting wave! How
large should be the phase difference between the two waves, so that the resulting
wave has the same amplitude as the initial waves?
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4. Show that ψ(~r, t) = ei(kr − ωt) is a solution of the three dimensional wave equar
tion. How does the wavefronts look like?
5. Two coherent light (λ = 590 nm) plane waves having the same amplitude interfere. Their wavefronts are 5 degrees tilted with respect to each other. Determine the
distance between the interference minima (or maxima) in a plane perpendicular to
the bisectors of the angle formed by the directions of the propagation of the two
waves!
6. Find the form of the wave packet which results from interference of one dimensional
δk
δk
plane waves having continuous wavenumber k in the [k0 − , k0 + ] spectral
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range, at given amplitude function A(k) = 1 and knowing the dispersion relation
ω(k) = c · k (c constant). What is the group velocity of the wave packet?

